This work was designed to observe the effects of nociceptin (13) (14) (15) (16) (17) , one of the main metabolites of nociceptin (also termed orphanin FQ), in pain modulation at supraspinal level in mice. Intracerebroventricular (i.c.v.) administration of nociceptin/orphanin FQ(13-17) (N/OFQ(13-17)) (5, 0.5, 0.05, 0.005 nmol/mouse) dose-dependently induced potent hyperalgesic effects in the 48 8C warm-water tail-flick test in mice. I.c.v. pretreatment with N/OFQ(13-17) (5, 0.5, 0.05 nmol/ mouse) potentiated the analgesic effects induced by morphine (i.p., 2 mg/kg) and reversed the hyperalgesic effects induced by N/OFQ (i.c.v., 5 nmol/mouse). The hyperalgesic effects induced by N/OFQ(13-17) could not be antagonized by [Nphe 1 ]N/OFQ(1-13)NH 2 or naloxone. These findings suggest that N/OFQ(13-17) may play important roles in pain modulation at supraspinal level in mice and elicits these effects through a novel mechanism independent of the N/OFQ receptor and the m, d and k opioid receptors. q
Nociceptin/orphanin FQ (N/OFQ), a heptadecapeptide (Phe-Gly-Gly-Phe-Thr-Gly-Ala-Arg-Lys-Ser-Ala-Arg-LysLeu-Ala-Asn-Gln), has been recently identified as the endogenous ligand of the N/OFQ receptor (NOPR) [6, 11] . Although structurally similar to the endogenous opioid peptide (especially dynorphin A), N/OFQ possesses different characteristics in pharmacological profiles in that it binds to the traditional opioid receptors (m, d and k) with very low affinity [6, 11] . It has been demonstrated that N/ OFQ exhibits both hyperalgesic and analgesic effects. Hyperalgesic effects of N/OFQ were observed after intracerebroventricular (i.c.v.) or intrathecal (i.t.) injection of N/ OFQ in the mouse hot-plate and tail-flick assays [4, 6, 11] . Some studies revealed that N/OFQ administered supraspinally produced an initial hyperalgesic response followed by analgesia in mice [13, 14] . Analgesic actions of N/OFQ have been found repeatedly after i.t. or microiontophoretical injection of N/OFQ in rats [17] [18] [19] . Flores et al. demonstrated that the effects of N/OFQ were sex-specific in rats i.e. it produced antinociceptive effects in the male and pronociceptive effects in the female [2] . It was also reported that N/OFQ showed anti-opioid activities at the supraspinal level in the rats [7] . Moreover, it has been reported that some metabolites of N/OFQ played important roles in pain modulation. For example, the N terminal fragments of N/OFQ, N/OFQ (1) (2) (3) (4) (5) (6) (7) and N/OFQ(1-11), were demonstrated to antagonize the pronociceptive effects induced by N/OFQ [15, 16] . Therefore, the N terminal fragments may modulate the action of N/OFQ. However, there are few reports on the pharmacological activities induced by Cterminal fragments. N/OFQ(13-17), a C-terminal fragment of N/OFQ, has been found to elicit nociceptive responses in the peripheral nociceptors and in the spinal cord in mice [5] . In this study, to investigate the involvement of N/OFQ (13) (14) (15) (16) (17) in pain regulation at the supraspinal level, we examined the effects of i.c.v. administration of N/OFQ(13-17) on pain behavior, morphine-induced analgesia and N/OFQ-induced hyperalgesia with the tail-flick assay in mice.
Male ddY mice (20-22 g) were supplied by the Animal Center of Lanzhou Medical College. They had free access to food and water in an animal room which was maintained at 22^1 8C with a 12 h light/dark cycle. Every mouse was used only once. The peptides used in this study: N/OFQ; N/OFQ (13) (14) (15) (16) (17) sized by solid-phase peptide synthesis method and purified by high-performance liquid chromatography by our group. All the drugs were dissolved in sterilized saline. Morphine hydrochloride and naloxone were the products of Shenyang First Pharmaceutical Factory in China.
The effects of N/OFQ (13) (14) (15) (16) (17) were assessed with the 48 8C warm-water tail-flick test. The latency to the first sign of a rapid tail-flick was taken as the behavioral end point. Every mouse was first tested for baseline latency by immersing its tail in the water and recording the response time. Effects of drugs were tested with tail-flick reflex every 10 min for 120 min post-injection. The average tail-flick latency (TFL) of each group of mice before administration served as the control (100%). Results were calculated with the following equation: %TFL ¼ 100 £ (test TFL/control TFL)^SEM. Data have been statistically analyzed with analysis of variance followed by the LSD post-hoc test; P-values less than 0.05 were considered to be significant. A cut-off latency of 30 s was used, animals that did not respond within the cutoff time were removed to avoid tissue damage.
The i.c.v. administration was performed following the method described by Haley and McCormick (1957) [3] . Briefly, under light ether anesthesia, an incision was made in the scalp. The injection site was 1.5 mm from the midline, 0 mm from the bregma and 3.0 mm from the surface of the skull. Drugs were administrated in a volume of 5 ml at a constant rate of 10 ml/min. Proper injection site was verified in pilot experiments by administration and localization of methylene blue dye. To test the effects of N/OFQ(13-17) on morphine-induced analgesia or N/OFQ-induced hyperalgesia, N/OFQ(13-17) was administrated 5 min before the intraperitoneal (i.p.) injection of morphine or the i.c.v. injection of N/OFQ. To investigate whether or not the hyperalgesic effects of N/OFQ(13-17) could be antagonized by [Nphe 1 ]N/OFQ(1-13)NH 2 or naloxone, antagonists were pre-injected respectively 5 min before the i.c.v. administration of N/OFQ (13) (14) (15) (16) (17) .
The i.c.v. administration of N/OFQ(13-17) (5, 0.5, 0.05, 0.005 nmol/mouse) produced a significant decrease in tail withdrawal latencies. I.c.v. injection of saline did not significantly alter the TFL. This dose-dependent hyperalgesic effect of N/OFQ(13-17) was evoked 10 min after injection, reached a maximum at about 60 min and terminated at 120 min. I.c.v. injection of 5 nmol/mouse of N/OFQ(13-17) caused a reduction of 45:2^5:12% at 60 min post-injection (vs. saline group, P , 0:01). Low dose (0.005 nmol/mouse) of N/OFQ(13-17) did not produce a significant hyperalgesic effect (Fig. 1) .
N/OFQ(13-17) administered 5 min before i.p. injection of morphine (2 mg/kg) enhanced the morphine-induced analgesia in a dose-dependent manner and showed no hyperalgesic activity. At a dose of 5 nmol/mouse, N/ OFQ(13-17) significantly enhanced the analgesic effect elicited by morphine, the peak was observed 10 min after i.p. injection of morphine (104:56^9:77% enhancement vs. saline 1 morphine group, P , 0:01). However, low dose (0.005 nmol/mouse) of N/OFQ(13-17) could not potentiate the analgesia of morphine (vs. saline 1 morphine group, P . 0:05) (Fig. 2) .
Pretreatment with N/OFQ(13-17) (5, 0.5, 0.05, 0.005 nmol/mouse) reversed the hyperalgesia induced by N/OFQ and showed potent analgesic effects. The reversing effects of N/OFQ (13) (14) (15) (16) (17) peaked at 10 min after injection of N/ OFQ and lasted for about 50 min. The maximal effect was observed when 5 nmol/mouse of N/OFQ(13-17) was preinjected (224.0^25.43% reversion vs. saline 1 N/OFQ group, P , 0:01) (Fig. 3) .
[ (Fig. 4A) . Naloxone injected subcutaneously (s.c.) alone did not influence the baseline TFL. Pre-injection of naloxone (2 mg/kg) antagonized the morphine (i.p., 2 mg/kg) analgesia, but did not affect the hyperalgesia induced by N/OFQ(13-17) (5 nmol) (Fig. 4B) .
Monteil et al. have reported that N/OFQ is metabolized by aminopeptidase N and endopeptidase 24.15 in mouse brain cortical slices, and forms five main fragments: N/ OFQ(1-7), N/OFQ (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) , N/OFQ (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) , N/OFQ (12) (13) (14) (15) (16) (17) , N/OFQ(13-17) [8] . Although there are many reports on the physiological activities of the N terminal metabolites of N/OFQ, few studies on the activities of C terminal metabolites of N/OFQ are reported. The present study is the first to demonstrate that N/OFQ (13) (14) (15) (16) (17) plays an important role in pain modulation at supraspinal level in mice.
N/OFQ injected i.c.v. has been reported to produce hyperalgesic effects, i.e. it reduced the tail flick [11] or hot plate response latency in mice [6] . Subsequent studies found that i.c.v. N/OFQ was able to elicit both a rapid hyperalgesia and a delayed analgesia in mice in the tail-flick assay [13, 14] . Our results are consistent with these reports. In the present study, we found i.c.v. administration of the C terminal fragment of N/OFQ, N/OFQ(13-17), produced potent hyperalgesic effects in the tail-flick test, but it did not induce delayed analgesia. was given together with N/OFQ, it was found to reverse the hyperalgesia of N/OFQ in mice [1] . Naloxone is widely accepted as an antagonist at classical opioid receptor. In the present study, we found that [Nphe 1 ]N/OFQ(1-13)NH 2 and naloxone did not antagonize the supraspinal effects of N/OFQ (13) (14) (15) (16) (17) . We suggest that N/OFQ(13-17) elicits its hyperalgesic effects through a novel mechanism independent of the NOP and the m, d and k opioid receptors.
We also found N/OFQ(13-17) possessed some effects different from N/OFQ. It could reverse N/OFQ-induced hyperalgesia. These findings imply there may be a complex interaction between N/OFQ and N/OFQ (13) (14) (15) (16) (17) by which N/OFQ (13) (14) (15) (16) (17) reverses the hyperalgesic effects of N/OFQ and produces potent analgesic effects. Moreover, N/ OFQ(13-17) was found to potentiate morphine-induced analgesic effects. It is well known that morphine elicits analgesic effects by acting at the traditional opioid receptors. In the present study, we demonstrated N/OFQ(13-17) did not produce its effects via acting at m, d and k receptors. Therefore, it is possible that morphine induced activation of the traditional opioid receptors was reinforced by N/ OFQ (13) (14) (15) (16) (17) . However, the mechanism underlying the effects of N/OFQ (13) (14) (15) (16) (17) in pain modulation in mice need to be studied further.
In conclusion, N/OFQ(13-17), a principal metabolite of N/OFQ, has been demonstrated to play complex roles in pain modulation at supraspinal level in mice. Its effects may be elicited via a different mechanism that nevertheless can be physiologically relevant with N/OFQ. Further, it has been demonstrated that all the effects of N/OFQ are no longer evident in mice knockout for the NOP gene [9] . 
